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LETTERS TO THE EDITOR
Serum Alkalinization and
Hydrogen-Rich Water in
Healthy Men

To the Editor: Metabolic acidosis is a clin-
ical disturbance characterized by low pH
in body tissues and blood and a variety of
neuromuscular and cardiorespiratory re-
sponses.1 Besides treating the initial disor-
der, the main goal for patients with acidosis
is to increase the systemic pH with alkalizing
agents, such as bicarbonates2; however, ad-
verse reactions linked to the administration
of sodium bicarbonate (eg, metabolic alkalo-
sis, edema due to sodium overload, and con-
gestive heart failure) could limit its use in the
treatment of metabolic acidosis.3

Hydrogen functions as an important
physiologic regulatory factor with antiox-
idant, anti-inflammatory, and antiapop-
totic protective effects on cells and organs
and the ability to mitigate a variety of dis-
eases.4 Oral intake of liquid that contains
hydrogen represents a novel, easily trans-
latable, and safe method of delivering hy-
drogen to humans, with hydrogen-rich
water (HRW) exhibiting high pH, low dis-
solved oxygen, high dissolved hydrogen,
and significant negative redox potential
values. Although the production of HRW
by electrolysis, reaction of water with hy-
drogen-producing minerals, or direct con-
tact with hydrogen gas is an elemental and
well-established process, its use in human
nutrition is rather new, with HRW being
marketed as a nutritional aid for humans ac-
companied by claims of acidity-lowering,
antioxidant, and antiaging effects. These
claims extrapolate the findings from animal
studies5 but have not been substantiated in
humans. Specifically, because of its high
pH and significant negative redox poten-
tial values, oral use of HRW as an alkaliz-
ing agent in the treatment of metabolic ac-
idosis could be of particular interest to
humans experiencing an increase in
plasma acidity.4 The main aims of this
study were to investigate whether daily
oral administration of 2 L of HRW for 7
days affected baseline arterial pH and the
rate of acidosis induced by exercise in
young healthy men and to determine how
many participants experienced adverse ef-
fects at follow-up after this treatment.

Nineteen healthy male participants

aged 20 to 26 years received 2 L of HRW
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daily (with approximately 1.1 mM/L of hy-
drogen dissolved in a drink, an oxidation-
reduction potential of approximately 400
mV, and a mean � SD pH of 9.3�0.3) for
7 days, with participants instructed to sip
the fluid throughout the day. The HRW
was generated when the magnesium tablet
(NORP Inc, San Diego, CA) was dissolved
in drinking water before consumption
(Mg � 2H2O ¡ Mg[OH]2 � H2). Partici-
pants were asked to maintain their usual di-
etary intake and to not change their physical
activity patterns during the study. All proce-
dures were performed in accordance with
the Declaration of Helsinki, and the study
was approved by the local institutional re-
view board. All participants gave their in-
formed consent regarding their voluntary
participation in the study. Participants un-
derwent blood sampling and endurance
running at the start (day 0) and end (day 7)
of the intervention period. Arterial blood
samples were collected after an overnight
fast and after exercise, and blood pH was
determined by the direct method with a pH
meter equipped with a microglass electrode.
Participants were instructed to report on ad-
verse effects of supplementation through an
open-ended questionnaire at the end of the
intervention week. The baseline and postex-
ercise arterial blood pH concentrations after
1 week of intervention with HRW were
compared with the baseline values by paired
t test (P�.05).

At the preintervention stage, the mean �
SD fasting blood pH was 7.42�0.01, whereas
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FIGURE. Effect of hydrogen-rich water
blood pH (mean � SD) in healthy volunt
with the start of the intervention period
yo Foundation for Medical Education and Research
he postexercise pH was 7.29�0.06. Intake of
RW significantly increased fasting arterial
lood pH by 0.04 (95% confidence interval,
.01-0.09) and postexercise pH by 0.05
95% confidence interval, 0.01-0.10) after

days of intervention (Figure). No vol-
nteers withdrew before the end of the
tudy, and no participant reported any adverse
ffects of supplementation.

Intake of HRW formulation for 1
eek increased fasting and postexercise
lood pH in healthy volunteers with no
dverse effects reported. Evidence con-
rmed previous animal studies that sug-
ested that HRW may provide some ben-
fits as a neutralizing agent.5 However, the
ize of the elevation is much smaller in
ealthy volunteers compared with those
eceiving bicarbonates. Oral sodium bi-
arbonates significantly increased base-
ine blood pH by up to 2% and postex-
rcise pH by up to 3%, whereas the
verall incidence of significant adverse
ffects after bicarbonate administration
s approximately 25%.3

To my knowledge, no data have been
ublished showing the effect of HRW on
asting and postexercise blood pH in
ealthy volunteers. Although this study
sed a pre-post design without a placebo
roup, the findings suggest that the pH-
levating potential of HRW in healthy in-
ividuals is not nearly of the same order
ompared with bicarbonate intervention.
n the other hand, lower incidence of ad-

erse effects after ingestion of HRW com-
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MAYO CLINIC PROCEEDINGS
pared with bicarbonates may affirm po-
tential application of HRW as an alkalizing
agent in individuals with exercise-induced
metabolic acidosis. However, because this
is a short-term trial and the adherence to
the long-term use of the intervention may
be poor, the estimation of adverse effect
incidence should be carefully interpreted
with a small number of young healthy in-
dividuals treated for only a short period.
Another concern regarding HRW admin-
istration is the variation in the hydrogen
content and/or fluid pH across suppliers.
Most products have been standardized to
a hydrogen concentration of 0.55 to 0.65
mM/L, whereas in research studies liquid
hydrogen is usually administered at a dose
of approximately 1.0 mM/L.

It would be premature to conclude
that HRW has a blood-alkalizing effect in
all individuals because no other published
studies exist on HRW in the field of bio-
chemistry or nutrition. It seems that HRW
may not be of much use for treatment of
many conditions of organic metabolic ac-
idosis but may have a role in exercise-
induced metabolic acidosis, yet the use of
base to improve exercise capacity is uncer-
tain. Dosage and duration of ingestion, hy-
drogen content of the intervention, and
the health status of individuals may affect
the efficacy of HRW administration. Lon-
ger administration protocol, a higher dos-
age of the formulation, proof of bioavail-
ability, and monitoring other buffering
indicators may be necessary to determine
whether HRW has a considerable alkaliz-
ing effect. Although this study examined
healthy individuals, the appropriate treat-
ment of acute metabolic acidosis (in par-
ticular the organic form of acidosis, such
as exercise-induced acidosis) has been
controversial2; therefore, further studies
are needed on the use of HRW as a poten-
tial antiacidic treatment strategy and its
safe application in clinical patients.

This study was supported in part by the Serbian
Ministry of Science (grant 175037).
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Cannabinoid and Hyperemesis

To the Editor: We read with interest the
article by Simonetto et al1 on cannabinoid
hyperemesis (CH) that was published in
the February 2012 issue of Mayo Clinic
Proceedings. Indeed, this entity is underdi-
agnosed due to a lack of awareness. Mari-
juana users presenting to the emergency
department with nausea, vomiting, and
abdominal pain are a common occur-
rence; these patients typically undergo
several futile investigations and present re-
peatedly to the hospital with similar symp-
toms. Many of them are branded as ”drug

TABLE. Proposed Clinical Criteria for Diagn
Patients

Criterion

Essential for diagnosis

Long-term cannabis use

Major features

Severe cyclic nausea and vomiting

Resolution with cannabis cessation

Relief of symptoms with hot showers or

Abdominal pain, epigastric or periumbilica

Weekly use of marijuana

Supportive features

Age �50 y

Weight loss �5 kg

Morning predominance of symptoms

Normal bowel habits

Negative laboratory, radiographic, and en
test results

NA � not available.
1
Data from Mayo Clinic Proceedings.
eekers,” especially since they might have
history of using other recreational drugs
long with marijuana.

We have encountered 2 patients who
et the clinical criteria for CH postulated

n the study by Simonetto et al, both of
hom were misdiagnosed initially. Patient
was a 20-year-old man who presented
ith nausea, vomiting, and severe epigas-

ric pain. He was initially diagnosed with
ancreatitis because of a mildly elevated
erum amylase level and a history of heavy
lcohol use. He had been smoking mari-
uana daily for the preceding 2 years. After
dministration of intravenous hydration
nd opioids, his symptoms did not im-
rove, even though his laboratory values
ormalized. Physical examination find-

ngs remained normal. He insisted on tak-
ng several hot showers throughout the
ay. The patient was deemed to be “drug
eeking,” and, in fact, a psychiatry consul-
ation was requested in view of this un-
sual behavior. A literature review sug-
ested cyclic vomiting syndrome, which is
xacerbated by use of marijuana. The pa-
ient had symptomatic improvement with
ral pantoprazole, and he was discharged
ith the advice to stop using marijuana.

Patient 2 was a 49-year-old man who
as transferred to our hospital for evalua-

of Cannabinoid Hyperemesis in 2

Patient 1 Patient 2

Yes (2–3 y) No (only 3 mo)

Yes Yes

NA NA

Yes Yes

Yes Yes

Yes Yes

Yes Yes

NA Yes

NA NA

Yes No (diarrhea)

opic
Yes No (pending)
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